Introduction
The evolution of the terrestrial planets depends to a large extent on the thermodynamic properties of silicate liquids, which mediate chemical differentiation processes. In particular, the recent suggestion that the density of silicate liquids may surpass that of coexisting crystals at pressures of 5-20 GPa has important consequences for terrestrial chemical evolution (Rigden et al., 1984) . For instance, magma formed below a few hundred km in the Earth would never reach the surface, and chemical differentiation would proceed by the sinking of magma to greater depths.
It is a common assumption that the mechanism responsible for the density inversions is a pressure-induced increase in the A1-O and Si-O coordination (e.g., Rigden et al., 1984) . There is now good evidence that such coordination changes do occur (Xue et al., 1989) . However, the flexibility of liquids' structures suggests that liquids containing tetrahedral networks can respond to pressure far more effectively than crystals by simply rearranging the connectivity of the networks, even when no coordination changes occur. The r. ole of this network restructuring in liquid-crystal density inversions has not yet been examined.
We report here the results of a Monte Carlo simulation of liquid silica based on an accurate covalent potential model of tetrahedrally coordinated SiO2 phases (Stixrude and Bukowinski, 1988 The simulations were started by melting ideal [5-cristobalite at 10,000 K and 10 GPa. The liquid was then cooled to different pressures on the 6,000 K isotherm (0-50 GPa). Each 6,000 K point was then isobarically cooled to 4,000 K. At 2,000 K, liquids cooled isobarically from 4,000 K differed somewhat from those cooled directly from 6,000 K (volumes differed by 7% at 0 GPa, but less than 2% at all other pressures). Since the simulations were initialized with higher temperature (larger volume) configurations, and since the volumes decreased steadily towards their final stable values during the simulations, we expect any effects of metastability to produce volumes that exceed those of the equilibrium liquid. Therefore, we took the results of the simulation which produced the smaller 2,000 K volume as the best estimate of the equilibrium liquid volume. We assume the uncertainty in the 2,000 K volumes if half the difference between the two cooling histories. Statistical uncertainties (Adams and McDonald, 1974) The density of the model liquid surpasses that of the tetrahedral crystalline phases by 50 GPa (Figure 3) . These liquidcrystal density inversions occur without an increase in Si-O coordination number in the liquid: the model guarantees that the bonded coordination of the liquid remains four-fold, and Figure 1 shows that the effective coordination of the liquid also remains four-fold, at least up to 50 GPa. Even the room temperature densities of the tetrahedral crystals (Figure 2) are surpassed by the 2,000 K liquid at 24, 30 and 60 GPa for coesite, a-quartz and a-cristobalite, respectively. Further, the reported liquid densities, if they differ from true equilibrium values, are likely to err towards lower density, as discussed above, thus leading us to overestimate the pressures of liquidcrystal density inversion. Thus, uncertainties in the calculations due to thermal corrections of the crystalline equations of state (due to inadequacies of the Debye model at high temperature) and possible metastability in the liquid simulations, do not affect our conclusion that, for our model, the liquid is the densest four coordinated phase at high pressure.
Although these density inversions do not involve coexisting liquids and crystals (experimentally, octahedral stishovite is the thermodynamically stable crystal phase above 12 GPa), they do illustrate the efficient densification of the tetrahedral liquid and suggest liquid compression mechanisms very different from those in the crystals. The structures of liquid and crystalline phases consist of a continuous network of nearly rigid, comer-sharing SiO4 tetrahedra. While compression of a crystal is accomplished without breaking bonds by simply reducing the distance between tetrahedra, we find that the model liquid compresses by breaking and reforming bonds, thus rearranging the connectivity of the tetrahedral network without substantial changes in the inter-tetrahedral distance (L) (Stixrude and Bukowinski, to be published). The contrast The compression of the model liquid is analogous to pressure-induced phase transitions in crystals. For instance, the transition from a-quartz to coesite at 2 GPa, like compression in the liquid, changes the way the tetrahedra are connected rather than the distance between them: both model and data (Levien et al., 1980; Levien and Prewitt, 1981) show that the transition causes only a 1% change in L (coesite actually has a slightly larger L than a-quartz) but an 8% increase in density. The liquid is ultimately the densest phase because, unlike the crystals, it is not limited to structural change at phase transitions but is free to continuously adopt inherently denser arrangements of its tewahedral network with increasing pressure.
Summary
We have compared densities of crystals and liquid at pressure in a simple silicate system based on a realistic model of tetrahedral Si-O bonding. Even though the model liquid remains four-fold coordinated, it becomes denser than tetrahedral crystals at high pressure. We attribute the more efficient compaction of the liquid to its ability, unlike a crystal, to easily rearrange its structure in response to pressure. It is likely that silicate liquids undergo pressure-induced coordination increases (Xue et al., 1989) , and that these will tend to increase the density of liquids relative to coexisting solids. However, although our simplified model does not allow us to draw finn conclusions about complex natural magmatic systems, we suggest that the efficient, purely tetrahedral liquid compression mechanism illustrated here may be equally important in determining liquid-crystal density inversions in the Earth.
